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(57) ABSTRACT

An object is to provide an electronically controlled diesel
engine capable of inhibiting the drastic increase of the fuel
injection quantity from the fuel injection quantity before
acceleration without the measurement of the relation between
the number of revolutions of an engine, boost pressure, and
the upper smoke limit of the fuel injection quantity. An elec-
tronically controlled diesel engine includes an judge part of
an acceleration (64) that judges whether a control of accel-
eration is finished or not based on a difference between a
target number of revolutions of the engine (Nset) and an
actual number of revolutions of the engine (Ne). The elec-
tronically controlled diesel engine includes that the calculate
part of a third upper limit of a fuel injection quantity (73) that
is included in the calculate part of the upper limit of the fuel
injection quantity (65) that sets an initial upper limit of a fuel
injection quantity (Q0) to a bigger injection quantity either of
an injection quantity at the time of the judgment and a limit of
ainjection quantity based on the actual number of revolutions
of'the engine (Ne) at the time of the judgment when the judge
part of an acceleration (64) determines that the condition of
acceleration in the low speed area are satisfied and recover the
limit value to the normal limit value until the judgment means
of'cancel of acceleration in the low speed area determines that
the condition of cancel of acceleration in the low speed area
are satisfied.

1 Claim, 4 Drawing Sheets
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1
ELECTRONICALLY CONTROLLED DIESEL
ENGINE

TECHNICAL FIELD

The present invention relates to an electronically con-
trolled diesel engine.

BACKGROUND ART

Conventionally, an engine, which is configured to limit a
fuel injection quantity to an injection quantity corresponding
to a boost pressure without a boost compensator when an
engine with supercharger is accelerated drastically, is pub-
licly known. More particularly, the engine is configured to
memorize a relation between a number of revolutions of an
engine, the boost pressure, and an upper smoke limit position
of'the control rack of the fuel injection pump before shipment
and to inhibit a fuel injection quantity to less than the upper
smoke limit position of a control rack of a fuel injection pump
corresponding a detected number of revolutions of the
engine. In other words, the engine is configured to set a limit
of a fuel injection quantity to each the number of revolutions
of'the engine for acceleration before shipment by a controller.
[Patent Document 1] Japanese Patent No. 3060149.

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

However, in the prior art, it is necessary that the relation
between the number of revolutions of an engine, the boost
pressure, and the upper smoke limit position of the control
rack of the fuel injection pump is measured before shipment
and the number of the manufacturing process increases. If the
fuel injection quantity is small, the fuel injection quantity
drastically increases to the upper limit of the fuel injection
quantity and becomes excessive for the intake gas quantity
and the black smoke may be generated.

In view of the above-described problems, the present
invention provides an electronically controlled diesel engine
which inhibits the drastic increase of the fuel injection quan-
tity from the fuel injection quantity before the engine is accel-
erated without measuring the relation between the number of
revolutions of the engine, the boost pressure, and the upper
smoke limit position of the control rack of the fuel injection
pump before shipment.

Means of Solving the Problems

According to an embodiment 1, an electronically con-
trolled diesel engine which decides fuel injection quantity by
a controller includes a judgment means of acceleration in a
low speed area, a judgment means of cancel of acceleration in
the low speed area, and an inhibiting means of a limit of a fuel
injection quantity that are connected to the controller. The
electronically controlled diesel engine includes the judgment
means of acceleration in the low speed area that judges
whether predefined acceleration is done or not based on a
difference between a target number of revolutions of the
engine and an actual number of revolutions of the engine. The
electronically controlled diesel engine includes the judgment
means of cancel of acceleration in the low speed area that
judges whether a control of acceleration is finished or not
based on a difference between the target number of revolu-
tions of the engine and the actual number of revolutions of the
engine. The electronically controlled diesel engine includes
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that the inhibiting means of a limit of a fuel injection quantity
that sets an initial limit value to a bigger injection quantity
either of an injection quantity at the time of the judgment and
a limit of a fuel injection quantity based on the actual number
of revolutions of the engine at the time of the judgment when
the judgment means of acceleration in the low speed area
determines that the conditions of acceleration in the low
speed area are satisfied and recover the limit value to the
normal limit value until the judgment means of cancel of
acceleration in the low speed area determines that the condi-
tions of cancel of acceleration in the low speed area are
satisfied.

According to another embodiment, the electronically con-
trolled diesel engine may include that the recover character-
istics of fuel injection quantity with a passing time of the
inhibiting means of limit of a fuel injection quantity is select-
able either of a characteristics of direct function or a charac-
teristics that the recover rate during early phase of recovery is
small and the recover rate during later phase of recovery is
big.

Effects of the Invention

According to an embodiment, because the limit of the fuel
injection quantity when the acceleration begins is set the fuel
injection quantity at the time, drastic increase of the fuel
injection quantity can be inhibited and the generation of black
smoke can be prevented.

According to an embodiment, it is possible to choose the
responsibility of the control of the accelerator as the operator
likes.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing a engine according, to
the present invention.

FIG. 2 is a schematic block view showing transmitting
information of control of the limit of the injection quantity.

FIG. 3 (a) is a chart showing an alteration of the target
number of revolutions of an engine and the actual number of
revolutions of an engine from moment to moment, FIG. 3 (b)
is a chart showing an alteration of the second limit of the
injection quantity during acceleration from moment to
moment.

FIG. 4 (a) is a chart showing an alteration of the third upper
limit of the fuel injection quantity during acceleration from
moment to moment, FIG. 4 (5) is a chart showing an alteration
of the third upper limit of the fuel injection quantity during
acceleration from moment to moment.

EXPLANATION OF LETTERS OR NUMERALS

10 an engine body

20 a controller of fuel injection quantity

40 an ECU

41 an accelerator

42 a clutch

44 a sensor of a number of revolutions of the engine

45 a sensor of the intake gas quantity

47 a dip switch

50 a calculator

51 a memory

61 a calculate part of the target number of revolutions of the
engine

62 a calculate part of an actual number of revolutions ofthe
engine

63 a calculate part of the fuel injection quantity
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64 a judge part of an acceleration

65 a calculate part of an upper limit of the fuel injection
quantity

66 a select part of the minimum number

67 a process part of the upper limit of the fuel injection
quantity

71 a calculate part of a first upper limit of a fuel injection
quantity

72 acalculate part of a second upper limit of a fuel injection
quantity

73 a calculate part of a third upper limit of a fuel injection
quantity

100 an engine

Niset a target number of revolutions of the engine

Ne an actual number of revolutions of the engine

QO an initial upper limit of a fuel injection quantity

Qset a target fuel injection quantity

Qmax1 a first upper limit of the fuel injection quantity

Qmax2 a second upper limit of the fuel injection quantity

Qmax3 a third upper limit of the fuel injection quantity

Qfinal a final target fuel injection quantity

BEST MODE FOR CARRYING OUT THE
INVENTION

Next, embodiments of the present invention will be
described.

FIG. 1 is a schematic view showing an engine according to
the present invention. FIG. 2 is a schematic block view show-
ing transmitting information of control of the limit of the
injection quantity. FIG. 3 (a) is a chart showing an alteration
of'the target number of revolutions of an engine and the actual
number of revolutions of an engine from moment to moment,
(b) is a chart showing an alteration of the second limit of the
injection quantity during acceleration from moment to
moment. FIG. 4 (@) is a chart showing an alteration of the third
upper limit of the fuel injection quantity during acceleration
from moment to moment, FIG. 4 (b) is a chart showing an
alteration of the third upper limit of the fuel injection quantity
during acceleration from moment to moment.

An engine 100 that is the embodiment of the present inven-
tion is explained with FIG. 1. The engine 100 is mounted on
aship. The engine 100 is an in-line four cylinder engine which
powers a driving unit 110 as an engine for a ship. The engine
100 includes an engine body 10, a controller of fuel injection
quantity 20 as controller that control fuel injection quantity.

Anoutput shaft 11 of the engine body 10 is connected to the
driving unit 110. The output shaft 11 of the engine body 10
has a flywheel that is not shown in the figure. The driving unit
110 is a unit that powers a screw 111 by the movement of the
output shaft 11 through a transmitter that is not shown in the
figure. A clutch mechanism 23 for switching between connect
and unconnect between the output shaft 11 and the driving
unit 110 and between normal rotation and reverse rotation is
provided.

The engine body 10 includes an intake gas passage 15 to
intake air which is necessary for burning fuel and an exhaust
gas passage 16 to exhaust gas after burning the fuel. A turbine
part 17 is provided in the exhaust gas passage 16 and driven by
the supply of the exhaust gas to the turbine part 17. The
turbine part 17 is connected to a compressor part 19 for the
intake air compression via a turbine shaft 18. The engine body
10 provides a supercharger.

The engine body 10 includes a fuel injection pump 21 and
injectors 22,22.22.22. The fuel is pumped by the fuel injec-
tion pump 21 and sprayed into each of cylinders by the injec-
tors 22,22,22,22. The fuel injection pump 21 is configured by
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an electric governor mechanism and includes a rack actuator
46. The engine 100 is not limited an engine with an electric
governor and the engine 100 may be an engine with common-
rail mechanism with which fuel injection is controlled.

The controller of fuel injection quantity 20 is an apparatus
which decide an upper limit of the fuel injection quantity in
the case of acceleration with low rotation area of the engine
and a control fuel injection quantity. The controller of fuel
injection quantity 20 is connected with an engine control unit
(hereinafter called ECU) 40, an accelerator 41, a clutch 42, a
sensor of a number of revolutions of the engine 44, a sensor of
the intake gas quantity 45, the rack actuator 46, and a dip
switch 47 as means for selecting. The ECU 40 includes a
calculator 50 and memory 51. The accelerator 41 and the
clutch 42 are provided in a helm position. The accelerator 41,
as means for ordering the number of revolutions of the engine,
has function to order the target number of revolutions of the
engine to the ECU 40. The clutch 42, as means for switching
between connect and unconnect and between normal rotation
and reverse rotation of the clutch mechanism 23, has function
to order the switch of the clutch mechanism 23 to ECU 40.

The sensor of the number of revolutions of an engine 44 is
provided near the output shaft 11 of the engine 100. The
sensor of the number of revolutions of the engine 44, as means
for sensing the number of revolutions of the engine, has
function to detect the number of revolutions of the engine Ne
and to send to ECU 40. The sensor of the intake gas quantity
45 is provided nearer the engine body 10 than the compressor
part 19 of the intake gas passage 15. The sensor of intake gas
quantity 45 has function to detect an intake gas pressure as a
significant signal for an intake gas quantity and to send to
ECU 40. The rack actuator 46 controls the fuel injection
quantity based on a final target fuel injection quantity Qfinal
which is calculated by a processor of the upper limit of the
fuel injection quantity 67 described below. The dip switch 47
as means for selecting has function to do selection and setting
about various functions of the engine 100.

As shown in FIG. 2, a signal transduction of a control of the
fuel injection quantity is illustrated. A calculator 50 has func-
tion of a calculate part of the target number of revolutions of
the engine 61, a calculate part of an actual number of revolu-
tions of the engine 62, a calculate part of the fuel injection
quantity 63, ajudge part of an acceleration 64, a calculate part
of'an upper limit of the fuel injection quantity 65, a select part
of the minimum number 66, and a process part of the upper
limit of the fuel injection quantity 67.

The calculate part of the target number of revolutions of the
engine 61 has function to calculate the target number of
revolutions of the engine Nset which is indicated by the
accelerator 41. The calculate part of the actual number of
revolutions of the engine 62 has function to calculate the
actual number of revolutions of the engine Ne which is
detected by the sensor of the number of revolutions of an
engine 44.

The calculate part of the fuel injection quantity 63 has
function as the means for calculating the fuel injection quan-
tity based on a difference between the target number of revo-
Iutions of the engine Nset and the actual number of revolu-
tions of the engine Ne. More particularly, the calculate part of
the fuel injection quantity 63 has function to calculate the
target fuel injection quantity Qset so that the difference
between the target number of revolutions of the engine Nset
calculated by the calculate part of the target number of revo-
Iutions of the engine 61 and the actual number of revolutions
of'the engine Ne calculated by the calculate part of the actual
number of revolutions of the engine 62 is zero.
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The judge part of the acceleration 64 has function of the
judgment means of acceleration in a low speed area and the
judgment means of cancel of acceleration in the low speed
area. More particularly, the judge part of the acceleration 64,
as the judgment means of acceleration in the low speed area,
has function to judge drastic acceleration is done or not based
on the difference between the target number of revolutions of
the engine Nset calculated by the calculate part of the target
number of revolutions of the engine 61 and the actual number
of revolutions of an engine Ne calculated by the calculate part
of the actual number of revolutions of the engine 62. Only if
all the conditions that the difference between the target num-
ber of revolutions of the engine Nset and the actual number of
revolutions ofthe engine Ne is bigger than the threshold value
K1 at which the acceleration is determined, that the clutch is
engaged, that the actual number of revolutions of the engine
Ne is equal to or smaller than the upper limit number of
revolution K2 at which the acceleration is allowed, that it isn’t
the moment when the engine starts or stops, and that the
actual number of revolutions of an engine Ne is equal to or
bigger than a minimum number of revolutions of an engine
Nmin on the acceleration position are satisfied, the flag of
determination of acceleration is set “ON”.

That the difference between the target number of revolu-
tions of the engine Nset and the actual number of revolutions
of the engine Ne is bigger than the threshold value K1 at
which the acceleration is determined is included in the con-
ditions so as to judge whether acceleration is done actually or
not. That the clutch is engaged is included in the conditions
because engine load is heavy compared to the condition that
the clutch is thrown out and the fuel injection quantity at the
moment of the acceleration is big when the clutch is engaged
and it is highly possible that black smoke is generated. Par-
ticularly, whether the clutch is engaged or not is judged by
judging whether the clutch neutral signal is sent or not based
on the information of switch of the clutch 42.

That the actual number of revolutions of the engine Ne is
equal to or smaller than the upper limit number of revolution
K2 at which the acceleration is allowed is included in the
conditions because the turbo charger is not effective suffi-
ciently in the condition that the actual number of revolutions
of the engine Ne is equal to or smaller than the upper limit
number of revolution K2 and it is highly possible that black
smoke is generated. That it isn’t the moment when the engine
starts or stops is included in the conditions so as to prevent the
judge part of the acceleration 64 from missing the judgment.

That the actual number of revolutions of the engine Ne is
equal to or bigger than minimum number of revolutions of the
engine Nmin on the acceleration position is included the
conditions so as to prevent the engine stall because of the
inhibition of the upper limit of the fuel injection quantity. For
example, when the ship is stopped on the idle revolution,
when the actual number of revolutions of the engine Ne
reduces more than the revolution change quantity dN from the
minimum number of revolutions of the engine Nmin, the
upper limit of the fuel injection quantity is inhibited, and it is
possible to stop engine.

The judge part of the acceleration 64, as the judgment
means of cancel of acceleration in the low speed area means,
has function to judge whether the acceleration control is
ended or not based on the difference between the target num-
ber of revolutions of the engine Nset calculated by the calcu-
late part of the target number of revolutions of the engine 61
and the actual number of revolutions of the engine Ne calcu-
lated by the calculate part of actual number of revolutions of
the engine 62. Only if one of the conditions that the difference
between the target number of revolutions of the engine Nset
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and the actual number of revolutions of the engine Ne is equal
to or smaller than the threshold value K3 at which the cancel
ofthe acceleration is determined, that the clutch is thrown out,
that the actual number of revolutions of the engine Ne is
bigger than the number of revolution K4 at which accelera-
tion is forced to be stopped, or that it is the moment when the
engine starts or stops is satisfied, the flag of determination of
acceleration is set “OFF”.

That the difference between the target number of revolu-
tions of the engine Nset and the actual number of revolutions
of'the engine Ne is equal to or smaller than the threshold value
K3 at which the cancel of the acceleration is determined is
included the conditions so as to judge whether acceleration is
finished actually or not. That the clutch is thrown out is
included the conditions because engine load is light and the
fuel injection quantity is small compared to the condition that
the clutch is engaged, and it is not necessary to inhibit upper
limit of the fuel injection quantity. Particularly, whether the
clutch is thrown out or not is judged by judging whether the
clutch neutral signal is sent or not based on the information of
switch of the clutch 42.

That the actual number of revolutions of the engine Ne is
bigger than the number of revolution K4 at which accelera-
tion is forced to be stopped is included in the conditions
because the turbo charger is so effective in the condition that
it is not necessary to inhibit upper limit of the fuel injection
quantity. That it is the moment when the engine starts or stops
is included in the conditions so as to cancel the judgment in
case of missing the judgment of acceleration in the low speed
area because that it is the moment when the engine starts or
stops is the condition of the judgment of acceleration in the
low speed area.

As shown in FIG. 2, a process of the upper limit of the fuel
injection quantity at the acceleration is illustrated. The calcu-
late part of the upper limit of the fuel injection quantity 65, the
select part of the minimum number 66, and the process part of
the upper limit of the fuel injection quantity 67 has function as
the means for inhibiting the upper limit of the fuel injection
quantity. The calculate part of the upper limit of the fuel
injection quantity 65 is consisted of a calculate part of a first
upper limit of a fuel injection quantity 71 which calculates the
first upper limit of the fuel injection quantity Qmax1 based on
the actual number of revolutions of the engine Ne, and a
calculate part of a second upper limit of a fuel injection
quantity 72 which calculates the second upper limit of the fuel
injection quantity Qmax2 based on intake gas quantity
detected by the sensor of intake gas quantity (the sensor of
intake gas pressure) 45, and a calculate part of a third upper
limit of a fuel injection quantity 73 which calculates the third
upper limit of the fuel injection quantity Qmax3 in case that
the flag of determination of acceleration is set “ON” in the
judge part of the acceleration 64. The select part of the mini-
mum number 66 selects the minimum upper limit of the fuel
injection quantity as the minimum upper limit of the fuel
injection quantity Qmax in the first upper limit of the fuel
injection quantity Qmax1, the second upper limit of the fuel
injection quantity Qmax2, and the third upper limit of the fuel
injection quantity Qmax3. The process part of the upper limit
of'the fuel injection quantity 67 judges whether the target fuel
injection quantity Qset calculated by the fuel injection quan-
tity 63 is bigger than the minimum upper limit of the fuel
injection quantity Qmax selected by the select part of the
minimum number 66 or not, and if the target fuel injection
quantity Qset is bigger than the minimum upper limit of the
fuel injection quantity Qmax, the minimum upper limit of the
fuel injection quantity Qmax is the final target fuel injection
quantity Qfinal, and if the target fuel injection quantity Qset is
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not bigger than the minimum upper limit of the fuel injection
quantity Qmax, the target fuel injection quantity Qset is the
final target fuel injection quantity Qfinal, and the final target
fuel injection quantity Qfinal is transmitted to the engine
body 10.

The way to calculate the first upper limit of the fuel injec-
tion quantity Qmax1, the second upper limit of the fuel injec-
tion quantity Qmax2, and the third upper limit of the fuel
injection quantity Qmax3 is illustrated. The first upper limit
of'the fuel injection quantity Qmax1 calculated by the calcu-
late part of the first upper limit of the fuel injection quantity 71
is the fuel injection quantity in which a maximum torque is
generated and the first upper limit of the fuel injection quan-
tity Qmax1 is calculated based on the actual number of revo-
Iutions ofthe engine Ne and the map stored in the memory 51.

The second upper limit of the fuel injection quantity
Qmax2 calculated by the calculate part of the second upper
limit of the fuel injection quantity 72 is the upper limit of the
fuel injection quantity based on the intake gas quantity
detected by the sensor of intake gas quantity (the sensor of
intake gas pressure) 45 and the second upper limit of the fuel
injection quantity Qmax2 is calculated based on the intake
gas quantity and the map stored in the memory 51. Because
the second upper limit of the fuel injection quantity Qmax2 is
determined based on the intake gas quantity and the turbo
charger is not driven and the intake gas quantity is rarely
changed at the early phase of the acceleration, in FIG. 3 (b),
the rate of increment is small at the early phase of the accel-
eration and the rate of increment increases after middle phase
when the turbo charger is driven. Therefore, if the second
upper limit of the fuel injection quantity Qmax2 is the upper
limit value and the fuel is injected, excessive fuel is injected
and black smoke is generated. In the present Invention, the
third upper limit of the fuel injection quantity Qmax3 is
determined which has the smaller upper limit value than the
second upper limit of the fuel injection quantity Qmax2 at the
early phase of the acceleration so as to generate the black
smoke at the early phase of the acceleration. According to the
constitution, at the early phase of the acceleration in which
the turbo charger is not driven, the upper limit of the fuel
injection quantity which is matched for the intake gas quan-
tity is determined by the third upper limit of the fuel injection
quantity Qmax3 and prevent the excess fuel injection and
prevent the generation of the black smoke.

The third upper limit of the fuel injection quantity Qmax3
calculated by the calculate part of the third upper limit of the
fuel injection quantity 73 is the upper limit of the fuel injec-
tion quantity which is calculated only if the flag of determi-
nation of acceleration is set “ON” in the judge part of the
acceleration 64. Particularly, the way to calculate the third
upper limit of the fuel injection quantity Qmax3 is illustrated.
Firstly, at the moment that the flag of determination of accel-
eration is set “ON”, the bigger one either of the present fuel
injection quantity and the idle fuel injection quantity deter-
mined based on the actual number of revolutions of the engine
Ne at the moment is set as the initial upper limit of the fuel
injection quantity Q0 which is the initial upper limit value of
the fuel injection quantity. If the present fuel injection quan-
tity is bigger than the idle fuel injection quantity, the present
fuel injection quantity is directly set as the initial upper limit
of the fuel injection quantity QO, and if the present fuel
injection quantity is smaller than the idle fuel injection quan-
tity, it is judged that the temporary reduction of the fuel
injection quantity is occurred and the idle fuel injection quan-
tity is set as the initial upper limit of the fuel injection quantity
Q0. Accordingly, because the fuel injection quantity at the
moment is set as the initial upper limit of the fuel injection
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quantity QO at the beginning of the acceleration, the drastic
increase of the fuel injection quantity is inhibited and the
generation of the black smoke is prevented.

While the flag of determination of acceleration is set “ON”,
in other words, while the determination of acceleration is
realized, the third upper limit of the fuel injection quantity
Qmax3 is increased by the predefined way from the initial
upper limit of the fuel injection quantity Q0. The way to
increase the third upper limit of the fuel injection quantity
Qmax3 is illustrated. The third upper limit of the fuel injec-
tion quantity Qmax3 is calculated with the initial upper limit
of the fuel injection quantity Q0.

Omax3=00-+(dQ1+dQ2*1)*1

dQ1 is the first coefficient and dQ2 is the second coeffi-
cient. For example, if dQ1 is bigger than 0 and dQ2 is equal to
0, in the FIG. 4 (a), the third upper limit of the fuel injection
quantity Qmax3 is increased linearly. If dQ1 is bigger than 0
and dQ2 is bigger than 0, in the FIG. 4 (b), the increase rate of
the third upper limit of the fuel injection quantity Qmax3 is
small at the early phase of recovery and the increase rate of the
third upper limit of the fuel injection quantity Qmax3 is big at
the later phase of recovery. Accordingly, the responsiveness
of the operation of the acceleration is selected as operator
likes.

INDUSTRIAL APPLICABILITY

Because the electronically controlled the diesel engine of
the present invention makes the drastic increase of the fuel
injection quantity from the fuel injection quantity before
acceleration inhibit without the measurement of the relation
between the number of revolutions of an engine, boost pres-
sure, and the upper smoke limit of the fuel injection quantity,
the invention has industrial applicability.

The invention claimed is:

1. An electronically controlled diesel engine configured to

determine fuel injection quantity, comprising:

a means for judging acceleration in a low speed area, the
means for judging acceleration in the low speed area is
configured to judge whether predefined acceleration is
done or not based on a difference between the target
number of revolutions of the engine and the actual num-
ber of revolutions of the engine;

a means for judging cancellation of acceleration in the low
speed area, the means for judging cancellation of accel-
eration in the low speed area is configured to judge
whether predefined acceleration is finished or not based
on a difference between the target number of revolutions
of the engine and the actual number of revolutions of the
engine;

a calculator of a fuel injection quantity configured to cal-
culate the fuel injection quantity based on a difference
between a target number of revolutions of the engine and
an actual number of revolutions of the engine;

a calculator of an upper limit of the fuel injection quantity,
the calculator of an upper limit of the fuel injection
quantity comprising:

a calculator of a first upper limit of the fuel injection
quantity based on the fuel quantity generating a maxi-
mum torque, a calculator of a second upper limit of
the fuel injection quantity based on the intake gas
quantity, and a calculator of a third upper limit of the
fuel injection quantity;

a selector of the minimum upper limit of the fuel injection
quantity;

a processor of an upper limit of the fuel injection quantity;
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wherein and the third upper limit of the fuel injection

quantity is calculated only when an acceleration is
detected and the present fuel injection quantity at the
moment of detection of the acceleration is set as the third
upper limit of the fuel injection quantity if the present
fuel injection quantity is bigger than an idle fuel injec-
tion quantity corresponding to the actual number of
revolutions of the engine at the moment of detection of
the acceleration and the idle fuel injection quantity is set
as the third upper limit of the fuel injection quantity if the
present fuel injection quantity is not bigger than the idle
fuel injection quantity,

wherein the selector of the minimum upper limit of the fuel

injection quantity selects the minimum upper limit of the
fuel injection quantity among the first upper limit of the
fuel injection quantity, second upper limit of the fuel
injection quantity, and the third upper limit of the fuel
injection quantity,
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wherein the processor of an upper limit of the fuel injection

quantity is configured to set the minimum upper limit of
the fuel injection quantity selected by the selector of the
minimum upper limit of the fuel injection quantity as a
final target fuel injection quantity if the fuel injection
quantity calculated by the calculator of a fuel injection
quantity is bigger than the minimum upper limit of the
fuel injection quantity selected by the selector of the
minimum upper limit of the fuel injection quantity, is
configured to set the fuel injection quantity calculated by
the calculator of a fuel injection quantity as a final target
fuel injection quantity if the fuel injection quantity cal-
culated by the calculator of a fuel injection quantity is
not bigger than the minimum upper limit of the fuel
injection quantity selected by the selector of the mini-
mum upper limit of the fuel injection quantity, and is
configured to transmit the final target fuel injection
quantity to the engine.
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